Vertebrate Sex Determination: A New Player in the Field  by Swain, Amanda
Vertebrate Sex Determination: A New
Player in the Field
Dispatch
Amanda Swain
Sex-determining genes have been identified in flies,
worms and mammals but not, until recently, in non-
mammalian vertebrates. Now, a gene has been iso-
lated from the Y chromosome of the teleost fish
medaka that is functionally comparable to the mam-
malian testis-determining gene, Sry.
One of the characteristics of sex determination mech-
anisms is their lack of conservation throughout the
animal kingdom. In mammals, the Y chromosome
gene, SRY, has been identified as the testis-determin-
ing gene [1,2]. However, no equivalent gene has been
found in non-mammalian vertebrates. Recent studies
[3] in the teleost fish medaka (0ryzias latipes) have
identified a Y-linked gene with properties consistent
with that of a sex determining gene. Interestingly, the
protein encoded by this gene, named DMY, contains
a DNA-binding motif, the DM-domain, found in other
genes involved in sexual development in both verte-
brates and invertebrates.
Fish have a wide range of mechanisms to ensure
the presence of two sexes and in most cases there is
no information on the mode of sex determination.
Medaka is the exception, as it is known to have a
stable genetic XX/XY sex determination system, the
male being heterogametic and dependent on the pres-
ence of the Y chromosome. Another major advantage
to working with medaka is the existence of inbred
strains of fish in the laboratory, which has allowed
Matsuda et al. [3] to map the sex-determining region
on the Y chromosome. Various genes were isolated
from this region but only one of these, DMY, was
expressed exclusively in XY embryos.
Two lines of evidence establish the critical role of
DMY in male sexual development. Firstly, the analysis
of two naturally occurring XY females from separate
populations showed different mutations in the DMY
gene. One of these mutants contained an insertion
that causes premature termination of the DMY
protein. When mated, all XY offspring with the mutant
Y were female. The other mutant had a severe
depression in DMY expression in the embryo and
60% of its XY offspring with the mutant Y developed
as females. Secondly, expression analysis during
embryogenesis shows that DMY is found in the
somatic cells of the XY gonads at the time when sex
determination occurs. Although these studies show
that DMY is necessary for testis development they do
not show that it is the only gene on the Y chromo-
some that is involved. Nevertheless, the evidence
identifies it as a leading candidate for the sex-deter-
mining gene in medaka.
DMY belongs to the family of genes that contain
DM-domains. This domain was named after a related
DNA binding motif found in two proteins, dsx
and mab-3, involved in sexual development in the
fruitfly Drosophila melanogaster and the nematode
Caenorhabditis elegans, respectively [4]. Both of these
genes function downstream of the initial decision in
the sex determination cascade and it is the only report
of similarity between fly and worm sexual regulators.
Although the proteins are not homologues, they do
have functional similarity. The male specific isoform of
dsx can replace mab-3 function in worm sexual differ-
entiation [4]. However, in their natural context these
genes act at different levels in the sex determination
cascade. mab-3 is downstream of the global regulator
tra-1 and regulates the development of a subset of
male specific structures (reviewed in [5]). dsx is a more
general sexual regulator with two sex specific iso-
forms that regulate most aspects of fly sex develop-
ment (reviewed in [6]). Nevertheless, their similarities
have led to the suggestion that they are descended
from a common ancestral sexual regulator.
DM-domain containing genes have also been found
in vertebrates. In mammals, the most interesting of
these from the point of view of sexual development is
DMRT1 as it maps to a region of chromosome 9 in
humans that has been implicated in XY female sex
reversal syndromes [4]. However, no point mutations
in DMRT1 correlate with a sex reversal phenotype
[7,8]. Other DM-domain containing genes map closely
to DMRT1 suggesting that functional redundancy
might be playing a part in this case [7,8]. In the mouse,
Dmrt1 expression is confined to the gonad where it is
expressed from the very early stages of development
at the same time as Sry [9,10]. Initially it is expressed
at the same level in both sexes but it later becomes
testis specific. Targeted mutagenesis of mouse Dmrt1
shows that this gene is essential for postnatal testis
differentiation implicating it in testis development but
not in mammalian sex determination [11].
DMRT1 homologues have also been cloned from
non-mammalian vertebrates. In birds, which have a
ZZ/ZW sex chromosome constitution and the het-
erogametic sex is female, Dmrt1 maps to the Z 
chromosome [12]. Avian Dmrt1 is expressed in the
developing gonad at early stages, during sex determi-
nation, but in contrast to the mouse, the level of
expression is higher in the male [9,13]. DMRT1 homo-
logues have been isolated from some turtle and alli-
gator species that have an environmental system of
sex determination, where sex depends on the temper-
ature of incubation of the egg [13,14]. In both cases
Dmrt1 is expressed in the developing gonad at the
time of sex determination and the level of expression
is higher in embryos incubated at the male promoting
temperature. This striking conservation suggests that
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DMRT1 has a role in early testis development and that
its function has been maintained throughout evolution.
The role of DMRT1 in vertebrate sex determination
has yet to be defined. The mapping of avian Dmrt1 to
the Z chromosome and its expression during early
stages of testis development make it a plausible can-
didate for a sex-determining gene. Further studies are
needed to investigate this possibility. In fish, Dmrt1 has
been found to be expressed in developing testis of the
rainbow trout [15]. However, the medaka Dmrt1 homo-
logue is not expressed in the embryo and the recent
studies [3,16] mentioned above have shown that DMY
is probably the sex-determining gene in this species.
Both these genes are related, however, and phyloge-
netic studies show that DMY is derived from Dmrt1 [3].
From an evolutionary point of view, these data
suggest that the role of DM-domain containing pro-
teins in male gonad development is ancient and that
at least in the case of medaka their function can be
co-opted to become the sex-determining gene. A
similar situation has been suggested in mammals
where Sox9, a member of the Sox gene family con-
taining Sry, is highly conserved within vertebrates and
has a role in testis development (reviewed in [17]). In
contrast to DMY, Sry is thought to have derived from
Sox3, an X-linked member of the family, that has no
known role in vertebrate testis development [18].
Irrespective of the mechanism by which sex-deter-
mining genes are derived, these data are consistent with
the proposal that genes at the bottom of the sex-deter-
mining cascade are highly conserved and that those at
the top of the hierarchy were the last to have evolved
[19,20]. Whether there is an evolutionary link between
the fly and worm DM-domain proteins involved in sexual
development and those of vertebrates is a challenge
that awaits investigation. These are exciting times in the
study of one of the basic processes of life.
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